Seasonal concentrations of eight total and bioavailable heavy metals (Cr, Cu, Cd, Zn, Mn, Ni, Pb an Fe), along with levels of some physico chemical properties of soils in vegetable farms around the rock quarry in Durumi, Abuja were assessed in order to ascertain the level of heavy metal pollution of the soil. Control and actual soil samples were collected from depths of 0.0 -5.0cm and 5.0 -10.0 cm during dry and rainy seasons. During dry season, mean concentrations of total heavy metals ranged from 0.02 (Cu) to 71.53(Fe) mg/kg for samples and 0.01mg/kg (Zn) to 111.89 mg/kg (Fe) for controls. During rainy season the heavy metal concentrations ranged from 0.02 mg/kg (Cu) to 22.53 mg/kg (Pb) for samples and 0.03 mg/ kg (Cd) to 26.63 mg/kg (Pb) for controls. These observed concentrations were lower than the Maximum Allowable Limits (mg/Kg) for World Health Organization (WHO) and Food and Agriculture Organization (FAO). During dry season, heavy metals that indicated anthropogenic content, had anthropogenic levels that ranged from 16.67 %( Cd) to 94.00 %( Cr) for soil at depth of 0.0 -5.0 cm and 35.25 % (Fe) to 96.28 %( Mn) for soil at depth of 5-10 cm. During rainy season the range of anthropogenic input was 25.93 %( Cd) to 81.23 %( Cr) for soils at depth of 0.0-5.0 cm and 4.21 %( Mn) to 93.21 %(Cu) for soil at depth of 5.0 -10.0 cm. This indicated that the quarry activities influenced the concentrations of some heavy metals observed in the soils. Contamination /pollution (C/P) Index ranged from 0.0 to 0.27 levels with Pb having the highest at moderate contamination levels, indicating that the soils are not polluted. These findings show that the soil in the farms studied is not polluted by heavy metals from the quarry activities though physico chemical parameters of the soil favoured the bioavailability and mobility of heavy metals.
Introduction
Crushed rock quarrying is a mining activity, largely carried out in most parts of the Federal Capital Territory Abuja, because of the availability of large deposits of rocks that adorn the city and obviously for socio-economic benefits.
Keeping these views in mind a study was conducted to determine the total and bioavailable concentrations of eight heavy metals (Cr, Cu, Cd, Zn, Mn, Ni, Pb and Fe) and some physico chemical parameters of soil in vegetable farms in the vicinity of Durumi quarry in order to assess the level of contamination of the soil. This study will provide data and information required for further actions to be carried out where necessary.
Materials and Methods Study Area
The study area, Durumi is located in the Federal Capital Territory (FCT) in Abuja, Nigeria between latitudes 8° 25´and 9° 25´North of the Equator and longitudes 6° 45´ and 7°45´East. Durumi village is located in Mpape in AMAC, Abuja within geographical coordinates of 9° 8' 45" North, 7° 29' 44" East12 ( Figure.1 ). It is home to a large quarry industry whose quarry activities, according to resident in the village started since 2008. The quarry is sited close to the village on the Durumi hills and has farm lands within its vicinity. Vegetables are mostly planted by the villagers in these farms.
Control Areas
Control soil were collected from farmlands at a distance of about 5km away from the quarry and in an area not affected by the quarry activities. Control soils were collected from these areas at the same period as those from the study areas.
Sample Collection and Pre-treatment
Sample collection was carried out, during dry and rainy seasons of the year 2017. Mallo and Mgbanyi 13 reported that FCT, Abuja usually has six months dry season from November to April and six months rainy season from May to October annually. Therefore, samples were collected in March for the dry season and once in September for the raining season.
Samples collection was done at depths of 0.0 -5.0 cm and 5.0 -10.0 cm from the surface of the earth with the help of plastic trowel. Soil samples were collected at the same spot where the vegetables were planted, mixed thoroughly to give representative samples of the 2 depths. This process was repeated for 3 sets of samples. The soil samples were carried to the laboratory, air -dried, and sieved properly (2mm pore size), homogenized and stored Quarrying is a destructive development activity whose socio-economic benefits may be unable to compensate for the overall detrimental effects on natural ecosystems as it produces immediate and long term undesirable effects in the environment and even long time after which the mine is closed. 1 Crushed rock quarrying activities generates considerable amount of dust and wastes, which contain a number of heavy metals.
2. Heavy metals that are mobilized or dissolved into the soil can be taken up by plants or transported to surface or ground water. 3 Thus heavy metals enter into food chain and are afterwards accumulated to high amounts instigating acute or chronic toxicity (poisoning) and serious risk to human health when plant foods or plant products are eaten. 2, 4 The amount of dissolved heavy metal fraction in the pore water which can be taken up by plant roots or other soil organisms is referred to as environmental bioavailability. 5 Soil pH, Soil Organic Matter (SOM), Soil texture class and clay minerals have been identified as key factors affecting the availability of heavy metals in soil. 3, 6, 7 Clay soils retain high amount of metals sandy soils do not. 8, 9 Clay minerals have a permanent negative charge and a comparatively large surface area, along with a high cation exchange capacity (CEC) hence, are very important for the absorption of metals. 9 Studies in heavy metal content have been carried out on soils in other areas in Abuja different from Durumi. In the study, concentrations of Zn, Cu, Mn, Fe and Pb were investigated in soils from Wuse-Zone 4, Central Area, Jabi Lake, National Mosque, Wuse 2, and Wuse-Zone. 6 Levels of total and bioavailable heavy metals observed ranged from 0.35 ppm (Pb) to 42346.06 ppm (Fe) and 0.09 ppm (Pb) to 195.52 ppm (Mn) respectively. A comparison of findings with European Union Regulatory Standard showed that all the heavy metals were below toxic level in the soils studied. 10 Index of geoaccumulation of heavy metals in some selected auto mechanic soils in Abuja, Nigeria indicated that heavy metal (Cu, Zn, Cr, Fe, Pb, Ni and Cd) pollution levels ranged from unpolluted to extremely polluted. 
Determination of Physicochemical Properties of Soil and Sample Digestion
All analyses were carried out in triplicates using standard methods. For the determination of pH, a suspension of 1:5 (w/v) portion of soil and distilled water was measured with a digital pH meter according to the procedure in15.CEC was analysed using standard method for soil survey as described. 21 Loss on ignition, was used for the determination of Organic matter contents of the soil. 16 Soil particle size was determined using the Bouyoucos hydrometer method and soil texture extrapolated from soil triangle according to the various soil particle fractions. 18 19, 20 For the quantification of total heavy metals in the soil samples, acid digestion method as described in 21 was employed. A 3g portion of the pre -treated soil sample was weighed in a 100 ml round bottom flask. A volume of 21 ml of concentrated HCl (35%) and 7 ml concentrated HNO3 (65%) was added. This was kept at room temperature overnight. A water condenser was attached to the flask and its content and heated to boil for 2 hours. After which 25 ml portion of glass distilled water was added. The mixture was filtered through Whatman (No. 42) filter paper into a 100ml volumetric flask. The residue was filtered twice with 5ml of water into the flask and the solution made up to 100ml. This was analysed using Atomic Absorption Spectrophotometer (AAS).The potentially bioavailable (environmental available) content of heavy metals was extracted with 0.05M Ethylene diamine tetra acetic acid (EDTA). The heavy metals in the extract were determined with the use of AAS.
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Statistical Analysis Analysis of Variance (ANOVA)
Single-factor and post hoc analysis using the Bonferroni correction was carried out to evaluate the significant difference in the concentrations of the heavy metals in each of the samples between each soil depth and during each season and between the seasons. Correlation of soil physicochemical properties with bioavailable heavy metals at P ≤ 0.05 level (2 tailed) of significance was also carried out in the samples results.
Quality Control
Along with other standard laboratory practices, heavy metal analysis was validated by conducting spike recovery study on the samples. Portions of the samples collected from 5.0 -10 cm, depth during rain and dry seasons, were each spiked with known concentrations of the metal to be analysed such that there was significant increase in the metal from the original sample content. Results of concentrations recorded for spiked and unspiked samples were recorded. Percent Recovery (%R) was calculated using the equation (2.1) adapted from. The content of the control, which is the background sample, represents the lithogenic heavy metal.
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Contamination/Pollution Index The contamination/pollution (CP) index was calculated using the contamination/pollution index as defined by. 25, 27 CP index=(Concentration of metals in soil )/(Target value) ...(2.3) Table 1 shows the significance of C/P index. C/P index values higher than one (1) indicates pollution and values lower than one (1) indicate contamination.
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Results and Discussion Quality Control
Result of recovery studies carried out is as presented in Table 2 . The results which ranged from 91.15% to 99.04% were all within acceptable limits of 100±10%28 thus validating the heavy metal analysis method, including the performance of the equipment used.
Total Heavy Metal in Soil
The mean total heavy metal concentrations of soil samples are stated in Tables 3 and 4 This same observation was made in the rainy season. Control soils though far from quarry activities had higher concentrations of some heavy metals than in soils by the quarry sites. This indicates that other sources such as weathering and erosion of heavy metals could contribute to high heavy metal content in control soil. 30 Natural background values of heavy metals in souls have been observed to be usually in the range from 1 -100 mg/kg and higher or 31,.11 have shown back ground levels of heavy metals in soils from Abuja to be higher than observed in this study.
The observed lower levels of these heavy metals in the samples soil could be as a result of leaching of the heavy metals to ground or surface waters caused by low sorption capacity of the soil which can be traced to factors such as soil properties, chemical properties of the heavy metal and nature of rains around the quarry site. 32 However, levels of Mn at depth of 0.0 -5.0 cm during dry season were significantly higher in samples than control while only levels of Cr and Fe at 0.0 -5.0 cm depth in dry season and Cu and Pb at depth of 5.00 -10 cm depth in rainy season were significantly higher in Control than in samples (P≤0.005).
Levels of anthropogenic heavy metals input in soil samples are shown in Table 5 Contamination /pollution (C/P) Index in Table 6 ranged from 0.0 to 0.27 indicating that heavy metal levels in the soil are only to contamination levels with Pb having the highest at moderate contamination levels of 0.27 and 0.22 during rainy seasons at soil depths of 0.0 -5.0 cm and 5.0 -10 cm respectively. However, Table 7 shows that the seasonal mean total heavy metals in the soil samples were lower than the Maximum Allowable Limits (mg/Kg) for World Health Organization (WHO) and Food and Agriculture Organization (FAO).
Soil Properties
All soil properties are shown in Table 8 . Soil properties are known to determine the mobility or environmental availability (Bioavailability) of heavy metals in soil, pH as generally the most important factor. 7 The average pH in this study as shown in Table 8 Organic matter is known to form strong complexes with heavy metals hence, heavy metal mobility increases with decrease in Organic matter. 37, 38, 39 However, where the organic matter contain humus, humic acid and fulvin which have high chelating characteristic and provide more binding surfaces for heavy metals adsorption, heavy metals attached to these organic constituent may become available because most of them are water soluble. 40 Cation Exchange Capacity (CEC) observed for soil samples showed that mean dry season levels increased from 8.97 for soils at 0.0 -5.0 cm depth to 9.10 for soil at 5.0-10.0 cm depth while for Ls -Loamy soil; SD-Standard Deviation rainy season it increased from 8.91 at soil depth of 0.0 -5.0 cm to 9.14 at depth of 5.0 -10.0 cm. CEC is soil's ability to hold positively charged ions, resulting in a strong adsorption of metal cations. 9 It is an inherent soil characteristics contributed by soil clay and organic matter content and it is difficult to alter significantly. 41, 42 The observed slight increased in CEC levels for soil samples during each season at 0.5-10.0 cm soil depth, when compares to the upper soil layer (0.0 -5.0 cm), is an indication that heavy metal mobility may be slightly impaired at that depth. This will reduce the leaching and availability of heavy metals for plant uptake. 42, 43 Soil particle size distribution for sample studied (Table 9) showed the soil to be loamy sand at both The various correlation coefficients (r) for the concentrations of each bioavailable heavy metal with properties of the soil samples during dry and rainy seasons are shown in Tables 12 and 13 respectively. While Table 14 shows the correlation rating.
The concentration of bioavailable heavy metal in soil increases with decrease in soil pH, OM, Clay content and CEC. 3, 32, 37, 38 This means that as soil pH, OM, Clay content or CEC decreases, the concentration of bioavailability heavy metals increases (downhill or negative linear relationship). Soil properties (Clay content, OM, pH and CEC) analysed in this study generally favour bioavailable heavy metal concentrations only in downhill linear relationships. Hence, during dry season (Table 12) :pH is observed (Table 13) were all influenced by weak downhill relationship with CEC. The reduction in downhill relationship between Fe and the soil properties explains the reduced level of mean bioavailable heavy metal during rainy season compared to that in dry season ( Figure 2 ).
Though concentrations of bioavailable heavy metals were higher in the dry season than in the rainy season, there were more significant correlation coefficients between the soil properties and bioavailable heavy metals. This thus favoured the bioavailability of certain heavy metals -Mn/SOM (r = -0.85*), Pb/SOM (r = -0.89), Pb/Clay (r = -0.89*) -more during rainy season than dry season. Hence, these heavy metals are probably more bioavailable for plant intake during dry season than rainy season.
Conclusion
This study revealed that soil in farms around Durumi rock quarry has heavy metals from both lithogenic and anthropogenic origins. The concentrations of total heavy metals in the soils were at moderate contamination levels and within WHO and FAO maximum allowable limits (mg/kg). This showed that the quarry activities did not lead to heavy metal pollution of the farm soils.
Certain heavy metals were more bioavailable during the rainy season for plant uptake and accumulation taking into account the observed increased significant correlation coefficients between soil properties and bioavailable heavy metals that favoured the bioavailability of certain heavy metals during rainy season than dry season.
It is thus pertinent to note that though heavy metal in the soils did not get to pollution levels, the physical properties of the soil favoured the bioavailability of most of the heavy metals. This can lead to easy mobility and availability of such heavy metals to surface and ground water or/and to be taken up by plants (vegetables and other food crops) planted in the farmlands. It is thus pertinent that periodic heavy metal assessment should be carried out for soils in this site and other farm lands to ensure continuous evaluation and monitoring.
